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Abstract
Background: Studies in tactile discrimination agree that rats are able to learn a rough-smooth discrimination task
by actively touching (whisking) objects with their vibrissae. In particular, we focus on recent evidence of how
neurons at different levels of the sensory pathway carry information about tactile stimuli. Here, we analyzed the
multifiber afferent discharge of one vibrissal nerve during active whisking. Vibrissae movements were induced by
electrical stimulation of motor branches of the facial nerve. We used sandpapers of different grain size as
roughness discrimination surfaces and we also consider the change of vibrissal slip-resistance as a way to improve
tactile information acquisition. The amplitude of afferent activity was analyzed according to its Root Mean Square
value (RMS). The comparisons among experimental situation were quantified by using the information theory.
Results: We found that the change of the vibrissal slip-resistance is a way to improve the roughness discrimination
of surfaces. As roughness increased, the RMS values also increased in almost all cases. In addition, we observed a
better discrimination performance in the retraction phase (maximum amount of information).
Conclusions: The evidence of amplitude changes due to roughness surfaces and slip-resistance levels allows to
speculate that texture information is slip-resistance dependent at peripheral level.
Background
Rodents as well as many mammals are characterized by
the presence of vibrissae or whiskers located on both
sides of the muzzle [1]. When rats acquire sensory
information by actively moving their vibrissae, a neural
code is manifested at different levels of the sensory sys-
tem [2-4]. Research in the past 5 years has been exten-
sive in the neural code at different stages of the whisker
sensory pathway [5-8].
Arabzadeh et al, have demonstrated that a texture
code would exist in peripheral afferent response of the
vibrissal system and that spike rate would be the coding
mechanism that underlies the textures discrimination in
the primary somatosensory cortex [6]. In a previous
s t u d yw eh a v es h o w nt h a ti ti spossible to characterize
the vibrissal sensory information by analyzing the
multifiber discharge of a selected vibrissal nerve. We
showed that the afferent activity amplitude (RMS values)
could be related to the physical properties of the sur-
faces [9].
Here, we used a similar protocol to that detailed by
Albarracín et al [9], but in this case we used different
roughness surfaces (sandpapers). We have analyzed the
afferent activity of a single vibrissa innervation (average
activity) in order to relate the information obtained to
the roughness of surfaces. For this purpose, we have cal-
culated the amplitude of afferent activity by using Root
Mean Square values (RMS) obtained during protraction
and retraction phases. Here, we have also analyzed the
effect of slip-resistance levels. In all cases, the differ-
ences among experimental conditions were quantified
through the maximum amount of information by using
Information Theory [10,11].
We found that the discrimination of lower roughness
could be achieved at higher slip-resistance levels,
whereas the low slip-resistance levels are more appropri-
ate for higher roughness. We also showed that the
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nated in retraction phase. Thus, we have demostrated
that discrimination of roughs u r f a c e sw o u l dr e q u i r ea
strategy based on the slip-resistance levels variation.
Methods
Procedures
Five Wistar adult male rats (300 g - 350 g), between 60
and 80 days, were used in our experiments. They were
deeply anesthetized with urethane (1.5 g/Kg) and their
temperature was maintained at 37° by a servo-con-
trolled heating pad. Surgery consisted of exposing the
infraorbital nerve as well as the two branches of the
facial nerve (buccal and upper marginal mandibular)
on the right side. The motor branches were dissected
and transected proximally to avoid possible motor
influences on the sensorial pathway. The stimulation
electrodes were placed on their distal stumps to pro-
duce the contraction of the mystacial muscles. The
deep vibrissal nerve innervating a vibrissal follicle
(DELTA vibrissa) was identified with a high magnifica-
tion of a dissecting microscope. The dissected nerve
was also transected proximally and this action allowed
eliminating discharges arriving from higher level of the
s e n s o r i a lp a t h w a y .T om a k es u r et h a tt h en e r v et r a n s -
ection did not affect the functionality of the vibrissal
nerve during our recording time, we test the falling of
the nerve afferent activity throughout the time (data
not shown). We conclude that the activity start
decreasing 1 hour after the nerve section, so we never
exceeded this space of time in our experiments. We
used a bipolar electrode (insulated silver wire, 0.2 mm
diameter) to record the multifiber afferent discharge of
t h ev i b r i s s a ln e r v es e l e c t e d .T h er e c o r d i n ge l e c t r o d e s
as well as the nerves were immersed in a mineral oil
bath during all recording.
All these procedures were carry out in accordance
with the recommendations of the Guide for the Care
and Use of Laboratory Animals (National Research
Council, NRC). Depth of anesthesia was ascertained and
controlled during the experiment by the lack of either
withdrawal reflex to hindlimb pinching or blink reflex to
a gentle stimulation of the cornea.
Recording of the vibrissa electrical activity
In this study we have recorded the multifiber activity of
the DELTA vibrissal nerve while the vibrissa was sweep-
ing surfaces of different roughness. The experimental
protocol used in this paper has been previously
described in detail by Albarracín et al [9]. The proce-
dures are briefly described below.
Vibrissa movements were induced by electrical stimu-
lation of facial motor nerve (VII). Square-wave pulses
(30 μs, 7 V supramaximal, 10 Hz) simulated vibrissal
whisking at its natural frequency. A diagram of the
experimental set up is shown in Figure 1B.
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Figure 1 Experimental set up. (A) Surfaces Pictures. Photographs of the surfaces used in this paper. (B) It shows how the facial nerve must be
stimulated for producing the artificial movement of the vibrissa, and the methodology used to obtain the recordings of the electrical activity in
the deep vibrissal nerve (modified from [9]). The three slip-resistance levels were obtained by approaching the surfaces. At slip-resistance level 1
(p1), the vibrissa remains in contact with the surface without undergoing deformation. The slip-resistance levels 2 and 3 (p2 and p3) were
obtained by using a micromanipulator, and bringing the surfaces closer to the vibrissa by 1 mm each time. (C) Recording site and placement of
recording electrodes.
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Page 2 of 11Nerve activity was recorded and digitized at 20 kHz
during a 90 ms window following onset of each cycle of
whisker movement (Digidata 1322A, Axon Instruments).
Fifty whisker movement cycles were obtained for each
surface, and an additional 50 cycles were recorded while
whisker moved unobstructed in air (control).
Three levels of slip-resistance were presented for each
swept surface. These levels were established by mount-
ing the surface at different distances from the whisker
base. A minimal slip-resistance level was presented by
placing the surface at a maximal distance from the whis-
ker base so that the tip just barely contacted the surface
throughout the entire movement cycle (slip-resistance
level 1). Increased slip-resistance levels were presented
by moving the surface 1 and 2 mm closer to the whisker
base (slip-resistance levels 2 and 3, respectively). This
procedure to increase the slip-resistance is similar to
those described by Albarracin et al [9].
Movements of the delta whisker were recorded simul-
taneously with nerve activity by using a custom-made
photoresistive sensor (Figure 1B). The frequency
response of the sensor was maximal in the range 0-100
Hz, enabling direct identification of the protraction and
retraction phases of the movement cycle [12].
Rough surfaces
The swept surfaces used in this paper were sandpapers
of different grain size: P1200, P1000, P600, P220, and
P180 (Figure 1A). We measured the surfaces roughness
by using a Hommel Tester T1000 (Hommel Werke,
http://www.hommel-etamic.de) and we used the Ra
parameter (arithmetical deviation of the assessed profile)
as a roughness estimation (International Standards
BS.1134 and ISO 468). Ra values obtained were: 2.2, 2.9,
5.6, 8.9 and 9.2 μm, respectively.
Digital processing and statistics
The RMS values and spectral estimation were previously
used for the analysis of multifiber recordings [9]. There-
fore, the theoretical details of both processing techni-
ques can be found in the reference mentioned above.
Here, the RMS values were obtained and analyzed in:
(a) the whole whisker movement (protraction + retrac-
tion), (b) during the protraction and (c) during the
retraction.
Statistical analysis was carried out with Kruskal Wallis
ANOVA. The Kruskal Wallis test is a nonparametric
alternative to the One-Way ANOVA. The test assesses
the hypothesis that the different samples in the compari-
son were drawn from the same distribution or from dis-
tributions with the same median. Thus, the
interpretation of the Kruskal-Wallis ANOVA is basically
identical to the parametric One-Way ANOVA, except
that it is based on ranks rather than on mean values.
The Dunn’s method for multiple comparisons was
used as post-hoc test, when ANOVA Repeat Measure-
ment revealed a significant difference. These analyses
were made with software SigmaStat http://www.systat.
com/.
Information theory
To determine the amount of information in a biological
system it is necessary to have at least a pair of stimuli/
responses situations. The stimulus may be a time series
or simply belong to a class (for example, situation 1,
situation 2, situation 3,..., situation N). The response
depends on the characteristic of the signal that is being
examined. Thus, they can be real values (RMS values,
inter-spikes time, and others) or integer values (number
of spikes).
The information conveyed by the neuronal response
about the stimulus can be quantified by Shannon’s
mutual information formula [10], abbreviated hereafter
as information:
I =

P(r).P(s|r)log2
P(s|r)
P(s)
(1)
Where P(s) is the probability stimulus s presentation, P
(s|r) is the posterior probability of s given the observa-
tion of response r, and P(r) is the probability of response
r unconditional on the stimulus. The Information deter-
mines the maximum amount of knowledge (the upper
bound of information) available to an observer who
knows the posterior probabilities P(s|r) and uses them
to read off the signals available in a single observation
of a spike train [11].
For a better understanding of the procedure to deter-
mine the amount of information, we will consider a spe-
cific application in which the stimuli are given by the
experimental situations (P1200, P1000, P600, P220 and
P180). The responses will be real values, for example,
the RMS values of the afferent activities. These real
values will be in the range [a, b]. Where a and b are the
maximum and minimum values of the response.
1. First, the frequency diagrams (or histograms) deter-
mination. For each experimental situation, the num-
ber of occurrences of the response is calculated for
each bin. A graphical way to represent these dia-
grams is according to a histogram (Figure 2). The
number of bins of the histograms will be calculated
directly by the root square of the elements number
(in this example, 50 RMS values).
2. Determination of the joint probability distribution,
P(s,r). The following Table 1 is made.
Each element of Table 1 is the joint probability
value, P(s,r). It is conceptually defined as follows: P
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Page 3 of 11(P1200, r = a), it is the probability of obtaining a
response r=aand that it corresponds to the sweep
on P1200. This is:
P(P1200,r = a)=
#occurrP1200,a
#total occurr
(2)
Where:
#occurrP1200,a is the occurrences number obtained
for a value of r = a (first histogram of Figure 2).
#total_occurr is the total number of occurrences in
all situations and all possible responses.
For frequency diagrams of Figure 2, the joint prob-
ability distribution is shown in Figure 3.
3. Determination of the P(r) and P(s) probability dis-
tributions. The probability of obtaining a response r,
regardless of whether stimulus s did or not occur, is
called the marginal probability, and it can be
calculated by the sum of joint probabilities for a
given response r. This is:
P(r)=
D 
i=A
P(siti,r) (3)
Similarly, we obtain the probability function P(s).
P(s)=
5 
i=−5
P(s,ri) (4)
4. Determination of conditional probability distribu-
tion P(s|r). By definition of conditional probability, is
given by:
P(s|r)=
P(s,r)
P(r)
(5)
P1200 P1000 P600 P220 P180
Figure 2 Frequency diagrams of the RMS values. These values were calculated from afferent activity registered during seep situations.
Table 1 Joint probability distribution
S
P1200 P1000 ... P180 P(r)
r a #occurrSa1,a

#total occurr
.. #occurrSa5,a

#total occurr
5 
i=1
P(Sai,r = a)
c #occurrSa1,c

#total occurr
.. #occurrSa5,c

#total occurr
5 
i=1
P(Sai,r = c)
.. . .. .
.. . .. .
.. . .. .
b #occurrSa1,b

#total occurr
.. #occurrSa5,b

#total occurr
5 
i=1
P(Sai,r = b)
P(s) b 
i=a
P(Sa1,ri)
.. b 
i=a
P(Sa5,ri)
Σ =1
The response and stimuli are r and s, and their marginal probabilities distributions are P(r) and P(s), respectively
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stimulus are obtained from joint and marginal prob-
abilities distributions. Thus, the following probabil-
ities distributions are obtained: P(P1200|r), P(P1000|
r),..., P(P180|r).
The conditional probability, P(P1200|r), concep-
tually answer the question: Given a response r,
what is the probability that this response has been
produced by the P1200 stimulus?. Figure 4 shows
the conditional probability distributions for sweep
situations.
5. Determination of the amount of information. After
obtaining all probability distributions, it is possible
to obtain the mutual information using eq. 1.
In this paper, we quantified the information consider-
i n gt h eR M Sv a l u e sa sb i o l o g i c a lr e s p o n s e so ft h e
system. For the RMS values, the information was calcu-
lated for each slip-resistance level, as well as for each
whisking phases (protraction and retraction).
Results
The recordings obtained are the average electric activity
of about 200 myelinated axons which supply innervation
to the DELTA vibrissa. Figure 5B shows the afferent
discharge recorded during different sweep situations
(slip-resistance level 1). It is possible to distinguish
amplitude changes in the signals in relation with the
surface roughness. This feature is more appreciable in
Figures 5C and 5D.
Whisker displacements and evoked afferent activity
were simultaneously recorded for all cases. Figure 5A
shows the afferent activity evoked by vibrissal sweeps in
the air (control) and its corresponding displacement.
Vibrissal movement recordings were acquired with a
b a n d w i d t ho f0 - 1 0 0H z ;t h u s ,o n l ys l o wm o v e m e n t s
were monitored. Therefore, displacement recordings
were only used to identify the protraction and retraction
phases.
We calculated one RMS value for each recording
obtained during a vibrissa sweeping. Each experimental
condition consists of 50 RMS values (one for each
sweep). We first calculated the RMS values for the
whole-whisk recordings (protraction + retraction). The
distribution of RMS values for each sweep situation is
shown in Figure 6.
Table 2 shows the statistical results of multiple com-
parisons among all sweep situations. These were
obtained for the three slip-resistance levels. The controls
were statistically different from the rest of situations,
P < 0.05. These results are not shown in Table 2, never-
theless, they can be observed in Figure 6.
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Figure 3 Joint probability distribution.
P1200 P1000 P600 P220 P180
RMS value RMS value RMS value RMS value RMS value
Figure 4 Conditional probabilities distributions for each sweep situation.
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Page 5 of 11The distribution of RMS values for the situations
P1200, P1000 and P600, in slip-resistance level 1, are
not significantly different among them (P > 0.05). How-
ever, P1200 and P1000 are significantly different when
the slip-resistance level increased from 1 to 2. P1000
and P600 are not different statistically at slip-resistance
level 2. Finally, P1200, P1000 and P600 situations were
statistically different at slip-resistance level 3.
The significant differences are more remarkable at
slip-resistance level 1 for higher roughness (P220 and
P180). However, these differences are not significant
at slip-resistance levels 2 and 3, probably because
there are sudden shocks and stucks. Therefore,
vibrissae movements are not repeatable, resulting in
high dispersions of RMS value distributions (Figure 6
- P180 - slip-resistance Level 1). This effect is even
more intensified when the slip-resistance level
increases. At slip-resistance level 3, DELTA vibrissa
sweeping on P220 and P180 results in low RMS
values due to improper movement of DELTA
vibrissa.
Since our experimental protocol allows us to identify the
protraction and retraction phases, we have obtained the
RMS values in these two phases of the whisking cycle. The
distribution of RMS values for each experimental condi-
tion and for the protraction phase is shown in Figure 7A.
At slip-resistance level 1, the statistically different situa-
tions were: P1200 vs P600; P1200 vs P180; P1000 vs P180;
P600 vs P180 and P220 vs P180. In all these cases, p-values
were lower than 0.05. The increase of slip-resistance level
(slip-resistance 2) produced statistical differences in P1200
vs P1000 and P1200 vs P220, which were not different at
slip-resistance level 1. At slip-resistance level 3 two signifi-
cant differences were produced: P1200 vs P600 and P600
vs P220. Table 3 shows the statistical results of these mul-
tiple comparisons.
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Figure 5 Afferent discharges. (A) Displacement and afferent activity recordings from DELTA vibrissa acquired during a sweep on sandpaper
P600. The displacement recordings were acquired by using a custom-made photoresistive sensor. (B) Afferent discharges recorded when the
vibrissa was sweeping: the air (control), sandpaper P1200, sandpaper P1000, sandpaper P600, sandpaper P200 and sandpaper P180. All recordings
show a single vibrissa sweeping on each surface at slip-resistance level 1. (C) Ten afferent activity recordings obtained in different experimental
conditions at slip-resistance level 1. (D) Idem to C at slip-resistance level 2.
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Page 6 of 11Figure 7B shows the distribution of RMS values
obtained during the retraction phase. The sweep situa-
tions that were statistically significant were: P1200 vs
P220; P1200 vs P180; P1000 vs P220; P1000 vs P180;
P600 vs P220; P600 vs P180 and P220 vs P180 (P <
0.05). Therefore, seven out of ten comparisons were sta-
tistically different in retraction phase, whereas five out
of ten were observed in protraction phase (slip-resis-
tance level 1). Six comparisons were statistically differ-
ent at slip-resistance level 2 and 3 (Table 3).
The information values obtained for the whole-
whisking cycle (protraction + retraction) are shown in
Figure 6. These values were calculated using three
experimental situations (P1200, P1000 and P600). The
P220 and P180 situations (rougher surfaces) were not
included in the calculation due to the differences in
the kinematic characteristics of vibrissal movement
described above. The maximum amount of information
was for slip-resistance level 2 (I = 0.9 bits). This infor-
mation value is given mainly by the difference between
situations P1200 vs P1000 and P1200 vs P600 (which
are statistically different). Even though situations
P1200, P1000 and P600 are statistically differents, the
information value for slip-resistance level 3 is lower
than for slip-resistance level 2. This is due to that the
quantitative differences, in slip-resistance level 3,
between P1200 vs P1000, P1200 vs P600 and P1000 vs
P600 do not exceed the differences between P1200 vs
P1000 and P1200 vs P600, in slip-resistance level 2.
From this point of view, the information values provide
a quantitative parameter of the differences between the
sweep situations.
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Figure 6 Distribution of RMS values for each whisking situation. Each experimental condition is described by 50 RMS values which were
obtained from a whole-whisk cycle (protraction + retraction). In all cases the information values were obtained taking into account the first
three sweep situations (shaded area).
Table 2 Results of multiple comparisons applied to RMS values obtained from each sweep situation (Dunn method)
Slip-resistance level 1 Slip-resistance level 2 Slip-resistance level 3
Comparison Diff of Ranks Q P < 0.05 Diff of Ranks Q P < 0.05 Diff of Ranks Q P < 0.05
P1200 vs P1000 32.670 1.883 No 119.330 6.878 Yes 54.930 3.166 Yes
P1200 vs P600 26.180 1.509 No 133.310 7.684 Yes 91.220 5.258 Yes
P1200 vs P220 70.440 4.060 Yes 125.270 7.220 Yes 26.810 1.545 No
P1200 vs P180 155.530 8.965 Yes 48.220 2.779 No 45.930 2.647 No
P1000 vs P600 6.490 0.374 No 13.980 0.806 No 56.290 3.092 Yes
P1000 vs P220 37.770 2.177 No 5.940 0.342 No 81.740 4.711 Yes
P1000 vs P180 122.860 7.082 Yes 71.110 4.099 Yes 100.860 5.813 Yes
P600 vs P220 44.260 2.551 No 8.040 0.463 No 118.030 6.803 Yes
P600 vs P180 129.350 7.456 Yes 85.090 4.905 Yes 137.150 7.905 Yes
P220 vs P180 85.090 4.905 Yes 77.050 4.441 Yes 19.120 1.102 No
The test computes statistic Q, the number of rank sums, and shows whether P < 0.05 or not, for the pair that are being compared. P is the probability that the
null hypothesis may be rejected and, thus, it helps conclude that there are differences between treatments. Diff of ranks is the difference in the rank sum orders
that are being compared. The rank sums are a measurement of the difference between two treatments.
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greater than in the whole-wisk in the slip-resistance level
1 (I = 0.40 bits). In this phase, the information values
were 0.45 bits and 0.5 bits for slip-resistance levels 2 and
3, respectively (Figure 7A). In the retraction phase, the
maximum amount of information was observed in slip-
resistance level 2, I = 0.98 bits (Figure 7B).
These results show that surfaces discrimination would
require a strategy based on the slip-resistance levels var-
iation. Furthermore, the discrimination of lower rough-
ness has been achieved at higher slip-resistance levels,
whereas the low slip-resistance levels are more appropri-
ate for higher roughness.
Discussion
Texture encoding in the vibrissal system have being stu-
died from the activity of trigeminal neurons and/or cor-
tical neurons (barrel cortex neuron clusters). These
responses usually consist ofs p i k e so rt r a i n so fs p i k e s
obtained from single or multi unit recordings [5,6]. Ide-
ally, if the information from each constituent elements
of the system is obtained, then the system would be
fully described. However, this would be practically
impossible due to the complexity of necessary instru-
ments. The experimental procedures proposed here
allow to observe (although in an approximate way) the
system’s global behaviour through a single recording
(multifiber activity). In this paper the system’s global
behaviour refers to whole innervation of a vibrissal folli-
cle. Contrary to the experimental protocols in which
spikes are analyzed, this approach allows to makes infer-
ences about activity of individual fibers.
Here we analyzed compound action potentials (CAP)
recorded at the vibrissal nerve. The deep vibrissal nerve
of the delta vibrissa consists of approximately 200 myeli-
nated axons (data not shown, obtained from PhD thesis
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information values were calculated taking into account the first three sweeps situations (shaded area). (B) RMS values obtained for the retraction
phase.
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Page 8 of 11of Albarracín) [13]. These CAPs are the result of phase
summation and cancellation of single fiber potentials
with amplitudes that depend on fiber diameter, and the
amplitude and shape of the CAP is determined by the
distribution of fiber diameters. From the standpoint of
digital processing these signals are considered to be sta-
tionary random process. Thus, for example, the tem-
poral average would allow extracting the information
from sensory nerves.
Generally, the electrophysiological signals obtained
with techniques of single-unit and multi-unit recordings
are statistically weak. It is easier to statistically analyze
CAPs than single-unit recordings (because there is more
information in CAP than single-unit recording) [14].
We have proposed the RMS method, because it presents
temporal averaging. Another important aspect of this
paper is the possibility to analyze the afferent activity in
the preganglionic axons. The preganglionic recordings
show the afferents activity without pre-processing.
The hypothesis of this research is that the changes of
afferent signal amplitude (RMS value) would be related
to different levels of mechanoreceptors activation [9],
and these last ones would be roughness surfaces
dependent [15]. As demonstrated by Wolfe et al, each
roughness pattern evokes kinetic signatures character-
ized by slip-stick events [16]. These kinetic signatures
would be encoded by spikes trains at both peripheral
and central levels [6]. Thus, it is possible to speculate
that changes in afferent signal amplitude may be related
to temporal averages (spikes trains) and/or spatial
averages (activity of many fibers) [17].
In this paper, the RMS value was employed in the
s a m ew a ya st h e yw e r eu s e db yA l b a r r a c í ne ta l[ 9 ] .
However, a more detailed analysis was performed. The
afferent activity was analyzed during the vibrissa pro-
traction and retraction phases. In addition, we calculated
the maximum amount of information that was possible
to extract from RMS values.
We found that the lower roughness discrimination is
achieved by using high slip-resistance levels (slip-resis-
tance levels 2 and 3). On the other hand, higher rough-
ness discrimination (P220 and P180) is achieved by
using the lower slip-resistance (slip-resistance level 1).
These results suggest that a behavioural strategy based
on slip-resistance level changes could be used by rats in
discrimination tasks. We have also observed that as
Table 3 Results of multiple comparisons applied to distribution of RMS values
PROTRACTION
Slip-resistance level 1 Slip-resistance level 2 Slip-resistance level 3
Comparison Diff of Ranks Q P < 0.05 Diff of Ranks Q P < 0.05 Diff of Ranks Q P < 0.05
P1200 vs P1000 40.800 2.352 No 51.750 2.983 Yes 10.160 0.586 No
P1200 vs P600 59.100 3.406 Yes 85.040 4.902 Yes 57.350 3.306 Yes
P1200 vs P220 48.220 2.779 No 99.850 5.755 Yes 10.120 0.583 No
P1200 vs P180 123.420 7.114 Yes 116.220 6.699 Yes 7.540 0.435 No
P1000 vs P600 18.300 1.055 No 33.290 1.919 No 47.190 2.720 No
P1000 vs P220 7.420 0.428 No 48.100 2.772 No 20.280 1.169 No
P1000 vs P180 82.620 4.762 Yes 64.470 3.716 Yes 2.620 0.151 No
P600 vs P220 10.880 0.627 No 14.810 0.854 No 67.470 3.889 Yes
P600 vs P180 64.320 3.707 Yes 31.180 1.797 No 49.810 2.871 No
P220 vs P180 75.200 4.334 Yes 16.370 0.944 No 17.660 1.018 No
RETRACTION
Slip-resistance level 1 Slip-resistance level 2 Slip-resistance level 3
Comparison Diff of Ranks Q P < 0.05 Diff of Ranks Q P < 0.05 Diff of Ranks Q P < 0.05
P1200 vs P1000 40.370 2.327 No 108.260 6.240 Yes 63.280 3.647 Yes
P1200 vs P600 22.080 1.273 No 110.680 6.379 Yes 87.710 5.056 Yes
P1200 vs P220 96.750 5.577 Yes 97.380 5.613 Yes 24.840 1.432 No
P1200 vs P180 161.510 9.309 Yes 9.400 0.542 No 37.540 2.164 No
P1000 vs P600 18.290 1.054 No 2.420 0.139 No 24.430 1.408 No
P1000 vs P220 56.380 3.250 Yes 10.880 0.627 No 88.120 5.079 Yes
P1000 vs P180 121.140 6.982 Yes 117.660 6.782 Yes 100.820 5.811 Yes
P600 vs P220 74.670 4.304 Yes 13.300 0.767 No 112.550 6.487 Yes
P600 vs P180 139.430 8.037 Yes 120.080 6.921 Yes 125.250 7.219 Yes
P220 vs P180 64.760 3.733 Yes 106.780 6.155 Yes 12.700 0.732 No
These values are analyzed separately in protraction and retraction phases (Dunn’s method). The parameters used in this analysis, such as Diff of Ranks, Q and P,
are described in the legend of Table 2.
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almost all cases. These observations are consistent with
those obtained by others authors [9].
Information values were calculated considering only
the first three sweep situations (P1200, P1000 and
P600), because the kinetic characteristics of vibrissal
sweep over surfaces of greater roughness, changes dra-
matically with the increase of slip-resistance level. In
slip-resistance level 2, irregularities in vibrissal sweep
(the vibrissa gets stuck in the surface) were observed,
thus avoiding complete the normal sweeping (incom-
plete sweep). For this reason, high dispersions of RMS
values were observed (sweep on P220, Figure 6, slip-
resistance level 2). Under this slip-resistance level 2, and
during the sweeps on P180, most of the sweeps were
incomplete. By increasing the slip-resistance level to 3,
t h es w e e p so nP 2 2 0a n dP 1 8 0 ,w e r ei n c o m p l e t es w e e p s .
This particularity introduces unwanted factors in the
evaluating of information when different slip-resistance
levels are used. To avoid this, the first three sweep situa-
tions were used to calculate the information. Under
these considerations, information values variations with
slip-resistance levels were observed, being the maximum
value for the slip-resistance level 2 (I = 0.9 bits). The
information values obtained in protraction and retrac-
tion phases separately, shows that experimental situa-
tions are “better accurately” discriminated in retraction
phase by using the slip-resistance level 2 (I = 0.98 bits).
Authors such as Arabzadeh et al. [6], Petersen et al.
[18], Panzeri and Diamond [19] and others [20-23], have
used the information theory to investigate exactly which
features of ensemble neuronal activity report informa-
tion about whisker stimuli. In other words, have investi-
gated how sensory information is represented by
neuronal populations in different stages of the sensory
pathway. Unlike the researches mentioned above, here
we used the Information Theory to demonstrate quanti-
tatively the existence of texture information in the aver-
age afferent activity of a single vibrissa innervation and
the dependence of this texture information with the
slip-resistance.
Methodological Considerations
Whisking in anesthetized rats
In this paper we induced artificial whisking in anesthe-
tized rats and we recorded the afferent activity from
vibrissal nerve during vibrissa sweeping on roughness
surfaces. Although the principles of muscle-driven whis-
ker movement and the basic patterns of movement tra-
jectory are preserved in this kind of experimental
protocols, the precise movements, mechanical interac-
tions, and responses to touch may differ from those that
occur during natural whisking [22-25]. Despite the
inherent differences between natural and electrical
whisking, the same kind of whisker motion was found
in both experimental protocols [5,16,26]. Thus, experi-
ments carried out in anesthetized animals, helps as the
starting point for studies of multifiber activity in awake
animals.
Facial Nerve Stimulation - Protocol
The vibrissa sweeping was produced by an electrical sti-
mulation of the facial nerve. We used square-wave pulse
to simulate the vibrissal whisking at its natural fre-
quency (10 Hz). Whisking movements during artificial
whisking may differ from those produced during natural
whisking in some details. The vibrissa displacement
angle observed in our experiments could differ from
that of a behaving rat, as was previously described by
Carvell and Simmons [27]. However our experimental
protocol allows to record and to analyze the afferent
activity without stimulus artifacts. The facial nerve sti-
mulation with trains of pulses, as proposed by Szwed et
al [25], it would contaminate the recording and could
not be analyzed with current processing techniques.
Conclusions
T h ee v i d e n c eo fa m p l i t u d ec h a n g e sd u et or o u g h n e s s
surfaces and slip-resistance levels allows to speculate
that texture information is slip-resistance dependent at
peripheral level, although the amplitude of the afferent
activity is not biologically a plausible neural coding
schemes of texture. Finally, we have demonstrated that
it is possible to characterize the texture information by
analyzing the afferent activity of a single vibrissa
innervation.
Acknowledgements
This work has been supported by grants from Agencia Nacional de
Promoción Científica y Tecnológica (ANPCYT); Consejo Nacional de
Investigaciones Científicas y Técnicas (CONICET), and Consejo de
Investigaciones de la Universidad Nacional de Tucumán (CIUNT), as well as
with Institutional funds from Instituto Superior de Investigaciones Biológicas
(INSIBIO). We also thank Proffessor Santiago Caminos for his valuable help in
the translation of this paper.
Author details
1Laboratorio de Medios e Interfases, Departamento de Bioingeniería,
Universidad Nacional de Tucumán & Consejo Superior de Investigaciones
Científicas y Técnicas, Tucumán, Argentina.
2Laboratorio de Neurociencia,
Facultad de Medicina, Universidad Nacional de Tucumán, Tucumán,
Argentina.
Authors’ contributions
FDF and ALA designed and executed experimental protocols for acquisition
of afferent signals, participated in the data interpretation and drafted the
manuscript. ALA carried out the surgery procedures. FDF conceived,
designed and implemented the algorithms. CJF assisted in digital processing
and data interpretation. All authors read and approved the manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 2 November 2010 Accepted: 16 April 2011
Published: 16 April 2011
Farfán et al. BMC Neuroscience 2011, 12:32
http://www.biomedcentral.com/1471-2202/12/32
Page 10 of 11References
1. Vincent SB: The function of the vibrissae in the behavior of the white rat.
Behav Monogr 1912, 1:1-85.
2. Andermann ML, Moore CI: A somatotopic map of vibrissa motion
direction within a barrel column. Nat Neurosci 2006, 9(4):543-551.
3. Tsytsarev V, Pope D, Pumbo E, Yablonskii A, Hofmann M: Study of the
cortical representation of whisker directional deflection using voltage-
sensitive dye optical imaging. NeuroImage 2010, 53:233-238.
4. Petersen CC: The functional organization of the barrel cortex. Neuron
2007, 56(2):339-355.
5. Arabzadeh E, Zorzin E, Diamond ME: Neuronal encoding of texture in the
whisker sensory pathway. PLoS Biol 2005, 3:e17.
6. Arabzadeh E, Panzeri S, Diamond ME: Deciphering the Spike Train of a
Sensory Neuron: Counts and Temporal Patterns in the Rat Whisker
Pathway. The Journal of Neuroscience 2006, 26(36):9216-9226.
7. Mehta SB, Whitmer D, Figueroa R, Williams BA, Kleinfeld D: Active spatial
perception in the vibrissa scanning sensorimotor system. PLoS Biol 2007,
5(2):e15.
8. Li L, Ebner F: Cortical modulation of spatial and angular tuning maps in
the rat thalamus. J Neurosci 2007, 27(1):167-179.
9. Albarracín AL, Farfán FD, Felice CJ, Décima EE: Texture discrimination and
multi-unit recording in the rat vibrissal nerve. BMC Neuroscience 2006,
7:42.
10. Cover TM, Thomas JA: Elements of information theory. New York: Wiley;
1991.
11. Reike F, Warland D, De Ruyter van Steveninck R, Bialek W: Spikes: Exploring
the Neural Code. Cambridge, MA: MIT Press; 1997.
12. Dürig F, Albarracín AL, Farfán FD, Felice CJ: Design and construction of a
photoresistive sensor for monitoring the rat vibrissal displacement.
Journal of Neuroscience Methods 2009, 80(1):71-76.
13. Albarracín AL: Estudio fisiológico y anatómico del control motor de las
vibrisas de la rata. PhD Thesis 2008.
14. Brenner N, Strong SP, Koberle R, Bialek W, De Ruyter Van Steveninck RR:
Synergy in a Neural Code. Neural Computation 2000, 12(7):1531-1552.
15. Hipp J, Arabzadeh E, Zorzin E, Conradt J, Kayser C, Diamond ME, Koenig P:
Texture signals in whisker vibrations. J Neurophysiol 2006, 95(3):1792-1799.
16. Wolfe J, Hill DN, Pahlavan S, Drew PJ, Kleinfeld D, Feldman DE: Texture
coding in the rat whisker system: Slip-stick versus differential resonance.
PLoS Biol 2008, 6(8):e215.
17. Calvin WH: Generation of Spike Trains in CNS Neurons. Brain Research
1975, 84(1975):1-22.
18. Petersen RS, Panzeri S, Maravall M: Neural coding and contextual
influences in the whisker system. Biol Cybern 2009, 100(6):427-446.
19. Panzeri S, Diamond ME: Information carried by population spike times in
the whisker sensory cortex can be decoded without knowledge of
stimulus time. Frontiers in Synaptic Neuroscience 2010, 2(17).
20. Diamond ME, von Heimendahl M, Knutsen PM, Kleinfeld D, Ahissar E:
’Where’ and ‘what’ in the whisker sensorimotor system. Nat Rev Neurosci
9(8):601-612.
21. Panzeri S, Petersen RS, Schultz S, Lebedev M, Diamond ME: The role of
spike timing in the coding of stimulus location in rat somatosensory
cortex. Neuron 2001, 29:769-777.
22. Petersen RS, Panzeri S, Diamond ME: Population coding of stimulus
location in rat somatosensory cortex. Neuron 2001, 32:503-514.
23. Petersen RS, Panzeri S, Diamond ME: Population coding in somatosensory
cortex. Curr Opin Neurobiol 2002, 12:441-447.
24. Derdikman D, Chunxiu Yu, Haidarliu S, Bagdasarian K, Arieli A, Ahissar E:
Layer-Specific Touch-Dependent Facilitation and Depression in the
Somatosensory Cortex during Active Whisking. The Journal of
Neuroscience 2006, 26(37):9538-9547.
25. Szwed M, Bagdasarian K, Ahissar E: Encoding of Vibrissal Active Touch.
Neuron 2003, 40(3):621-630.
26. Diamond ME, von Heimendahl M, Arabzadeh E: Whisker-mediated texture
discrimination. PLoS Biol 2008, 6(8):e220.
27. Carvell GE, Simons DJ: Biometric analyses of vibrissal tactile
discrimination in the rat. J Neuroci 1990, 10:2638-2648.
doi:10.1186/1471-2202-12-32
Cite this article as: Farfán et al.: Electrophysiological characterization of
texture information slip-resistance dependent in the rat vibrissal nerve.
BMC Neuroscience 2011 12:32.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Farfán et al. BMC Neuroscience 2011, 12:32
http://www.biomedcentral.com/1471-2202/12/32
Page 11 of 11